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Abstract – One of the most noticeable features of the urban climate is the air temperature increase in the city
compared to the surrounding area (“urban heat island”). This study focused on the influence of urban climate
on the occurrence of thermophilic and xerothermic bee species from southern Europe. The southern species
were relatively common among the bee assemblages observed within the area of Poznań, Poland. In Central
Europe, these species are observed only in isolated xerothermic localities and, as shown by the present study, in
the urban areas. Cities enable some of the Southern European species of bees to move north. During this study,
species that are rare in Poland were also observed. In that respect, the study also draws attention to the
importance of urban areas in preserving biodiversity.
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1. INTRODUCTION
Urbanization results in a number of long-
lasting environmental changes, which may result
in limiting the occurrence of animals and plants
(Savard et al. 2000). However, for some species,
the city may provide opportunities for develop-
ment that cannot be found elsewhere (Luniak et al.
1990; Møller et al. 2009). A vast number of
ecological niches, high food availability, hetero-
geneous environment, as well as the specific
urban climate, ensure highly convenient condi-
tions for numerous species. One of the most
noticeable features of the urban climate is that air
temperature in the city is higher than the temper-
ature in the surrounding area (Oke 1973).
This phenomenon is commonly referred to as
the urban heat island effect. The temperature
increase depends on the size of the city; however,
the difference can reach 12 °C on clear days, or 1–
2 °C in yearly mean temperature. A variety of
factors have been attributed to be the cause of the
urban heat island effect. Removal of vegetation,
construction of buildings, roads, pavements and
other human transformations of the natural envi-
ronment, together with direct heat generation from
human activity, are known to cause the tempera-
tures of urban areas to rise above those of the
surrounding rural areas.
Recently, climate change has been a subject of
broad discussion (Houghton 2004; Rosenzweig
et al. 2008). Climate change refers to any changes
of climate over time, both for natural reasons and
as a result of human activity (IPCC 2007). There
are also numerous studies on the influence of
these changes on the distribution and phenology
of different insect species (Hickling et al. 2005;
Musolin and Saulich 2012); however, the vast
majority of those studies are on butterflies (Burton
1998; Parmesan et al. 1999; Sparks et al. 2006),
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dragonflies (Hickling et al. 2005) and true bugs
(Nau and Brooke 2003; Yukawa et al. 2007). At
the same time, only a few studies have addressed
the influence of climate change on Hymenoptera
(Sparks et al. 2010; Tryjanowski et al. 2010).
Interest in the urban fauna started in the 1970s,
when the first studies were conducted (Ebeling
1975; Pisarski and Trojan 1976; Banaszak et al.
1978; Czechowski 1979; Luniak 1980;
Bornkamm et al. 1982; Sukopp et al. 1982;
Zapparoli 1997). This is a current subject of
research, which is confirmed by the regular
appearance of studies on urban fauna including
pollinating insects (Germanie andWakeling 2001;
McIntyre and Hostetler 2001; Zerbe et al. 2003;
McFrederick and Le Buhn 2006; Matteson et al.
2008; Indykiewicz et al. 2011). A general pattern
established during the last decades shows differ-
ences between urban and surrounding rural areas
(Møller et al. 2012). Nevertheless, there is still a
lack of basic knowledge of the ecology of urban
ecosystems.
Bees are a unique group of insects because
their total dependence on food derived from
flowers makes them very important pollinators.
They are vital both for human economics and
nature. Determining the changes in the natural
resources of bees, which occur under the
influence of anthropogenic pressure, and under-
standing the ecological processes underlying
them are currently focal points of apidology.
There are almost no studies that show how
specific urban climate conditions affect the insect
fauna. Cities constitute heat islands, and their
warmer and drier climates provide proper condi-
tions for a number of thermophilic and xerother-
mic species from southern Europe. Thermophilic
and xerothermic species are more or less closely
associated with warm and dry habitats. Thus, the
meaning largely overlaps with the attributive
meaning of ‘steppe’. Thermophilic and xerother-
mic bee species tend to occur only in dry and
warm sites, such as banks of valleys and sandy
slopes with favorable exposure (Kuntze 1931).
Those bees prefer open habitats, which is more
abundant in steppes and dry meadows than in
wooded habitats. They inhabit much of the areas
surrounding the Mediterranean Sea and the Black
Sea. The majority of the regions with Mediterra-
nean climates have relatively mild winters and
very warm, dry summers. Temperatures during
winter only occasionally fall below freezing point.
In the summer, the temperatures range from mild
to very hot, depending on the distance from a
large body of water, elevation, and latitude. The
southern bee species could move to the area of
Poland from the east along the Vistula, from the
west along the Torun-Eberswalde Proglacial
Valley, or from the south across the Moravian
Gate (Banaszak 2006).
In Central Europe, these species are observed
only in isolated xerothermic localities. Cities
enable some of the southern European species
of bees to move north ensuring proper nesting
locations, because the urban areas are substan-
tially warmer and drier than the surrounding
areas. The aim of this study was to investigate
the urban bee fauna in terms of zoogeography
and to evaluate whether or not thermophilic and
xerothermic species find suitable conditions for
bee nesting and offspring development in the
cities.
2. MATERIALS AND METHODS
2.1. Study area
Poznań (52°25′N, 16°58′E) is a city of 560,000
inhabitants with an area of 261 km2. Poznań is one of
the oldest cities in Poland. The climate is shaped by
polar air masses originating from the Atlantic Ocean.
Continental polar air masses originating from middle
Russia exert lesser influence. Additionally, cold arctic
air masses and equatorial air masses also reach
Poznań (Woś 1994). Average annual temperature in
Poznań between 1984 and 2000 was 8.5 °C.
The urban heat island range calculated based on
average annual temperatures in the 1990s now covers
the entire city. Positive ΔT (change in temperature
ΔT=T in the city – T control outside the city) values are
observed not only within urban developments, man-
sion flats or blocks of congregated flats, but also in
villa districts and the outskirts with a substantial
contribution of green areas. The intensity of the heat
island effect decreases as one moves from the center
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(ΔT =0.81 °C) to the estates in the outskirts
(ΔT =0.06 °C). The temperature decreases in all
directions outside the compact developments in the
city center (Farat et al. 2006).
Wind loses approximately 30 % of speed within
the city from wind outside the city (Farat et al. 2006).
The relative humidity in the city center is lower than
in the outskirts. Furthermore, compared to areas
outside the city, the average precipitation increases
by 10–30 %, snow falls less frequently and the snow
cover melts faster (Farat 1996).
Woś (2006) reported a trend the last 50 years of
early occurrence and prolongation of thermal spring
and summer. Additionally, the observations in the
Adam Mickiewicz University Botanical Garden indi-
cate early occurrence of spring and delayed occur-
rence of autumn as well as their prolongation (Sparks
et al. 2011). These results suggest increases in the
length of the growing season. However, responses of
plants to the changing climate were species-specific.
Thus, the transitions from winter into spring and from
autumn into winter are becoming less clearly defined
(Sparks et al. 2011).
Bees were sampled on eight sites (50×50 m)
located within the urban matrix representing a wide
spectrum of urban environments. Study plots were
along an urbanization gradient from areas of concen-
trated settlement of tenement houses in the strict city
center, through sparse housing estates, areas of
detached houses to big urban green areas. The study
sites were located from 250 to 4,900 m from the city
centre. A more detailed description of the habitat
characteristics is given in Banaszak-Cibicka and
Żmihorski (2012).
2.2. Bees sampling
The study of bees within Poznań was conducted
between 2006 and 2010. Yellow Möericke traps were
used to catch the specimens, as they had previously
been used successfully for the collection of bees in
urban fragments (Banaszak 2004a). Within each site,
four yellow pan traps were used. At each location, traps
were placed 25–50 m apart. Insects were collected from
traps every 7–10 days from April to September. Direct
searching along transects, which covered the most
attractive resource patches, was also conducted at each
site. On transects, bees were netted by hand twice each
month from April to September. Within the plots, the
surveyor was not restricted to the fixed transect line,
instead the surveyor walked within the plot at a slow
speed among any potentially attractive resource patches
and collected bees during an observational period of
30 min. Pan traps remain an effective sampling
technique when flowers are scarce or when targeting
particular species that are easily trapped. Thus, to avoid
potential trapping biases and to characterise the local
bee fauna, there is the need to supplement pan trapping
protocols with netting (Roulston et al. 2007). Species
that could not be identified in the field were kept for
later identification.
All collected individual bees were pinned in the
laboratory, sorted and identified to species level.
Zoogeographical traits for each species were com-
piled from primary literature, catalogues, and refer-
ence works (Banaszak 1993; Scheuchl 1995; Schmid-
Egger and Scheuchl 1997; Banaszak et al. 2001;
Pesenko et al. 2000; Pawlikowski and Celary 2003).
The definitions of geographical ranges for particular
species were adopted in accordance with Kostrowicki
(1953) and Banaszak et al. (2006).
The obtained results were compared with the
joint list of bee species captured in Poznań by
other researchers. The first studies on bees within
the area of Poznań come from the 1970s and
contain information on bees occurring in large
urban green areas (Banaszak 1973; Wójtowski and
Szymaś 1973), in the Botanical Garden (Banaszak
1976) and in community gardens (Wójtowski and
Feliszek 1977). There are also a number of studies on
single species observed in Poznań (Banaszak 1969,
1976; Ruszkowski 1969).
The bee fauna observed within Poznań was com-
pared with the bee fauna of one of the bigger green areas
in the vicinity of the city—Wielkopolska National Park
(WNP) (Cierzniak 2003). The park was established in
1957, 15 km south of Poznań. Currently the park’s area
is 7,584 ha. Additionally, a buffer zone was formed
around the park whose area, together with the park, is
14,840 ha. The collected data were also compared with
the regional fauna of the Wielkopolsko-Kujawska
Lowland (Banaszak 2010), which is part of the Polish
Lowland occupying 6,863,000 ha located in western
Poland. Important cities of the Wielkopolsko-Kujawska
Lowland are Poznań, Bydgoszcz, and Toruń. The
southern bee species was also compared to two other
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well-examined cities in Poland—Bydgoszcz (Banaszak
2008) and Łódź (Kowalczyk et al. 2008).
Data on bees in the Wielkopolska National
Park, the Wielkopolsko-Kujawska Lowland and
those from Bydgoszcz and Łódź were collected
over long periods with similar methods which
makes them comparable to those from Poznań.
This level of faunal identification offers a unique
opportunity to compare the bee fauna of Poznań
with that of neighbouring areas and with fauna of
other cities.
2.3. Statistical analysis
A contingency table was applied for estimating the
significance of differences in the contribution of
southern species to the fauna of the city of Poznań and
the fauna of the WNP. A calculation was presented as a
result of a chi-squared test, with information on the
number of the southern species and the number of other
species in the local bee communities.
The similarities of bee communities in Poznań and
WPN and Poznań and other cities (Bydgoszcz, Łodź)
were compared using the Sorensen–Dice coefficient
(Sorensen 1948).
The occurrence of southern species of different
bees in three cities (Poznań, Bydgoszcz, Łódź), was
compared based on binary data matrix (0, absence; 1,
presence) using the Kendall Tau-b correlation index.
3. RESULTS
In the course of the studies conducted in
Poznań, I observed 41 species of bees that have
not been seen in Poznań before. A detailed list of
species can be found in previous studies
(Banaszak-Cibicka and Banaszak 2011a;
Banaszak-Cibicka and Żmihorski 2012). Among
the 41 species, 22 are widely spread, mainly
western and eastern Palearctic species (19),
European-Asian species (1), European-Siberian
species (1) andHolarctic species (1). Additionally,
6 European species were captured. The remaining
13 species of bees are southern species:
Submediterranean (5), Subpontic (2), Pontic-
Mediterranean (3), Pontic-Submediterranean (1),
Subpontic-Mediterranean (2).
Five species among the southern species are
rare in Poland (Table I):
Megachile pilidens Alfken, 1923
Andrena florea Fabricius, 1793
Andrena mitis Schmiedeknecht, 1838
Andrena congruens Schmiedeknecht, 1883
Osmia mustelina Gerstaecker, 1869
Based on our studies and those of other
authors, 206 bee species have so far been
identified in Poznań (Banaszak-Cibicka and
Banaszak 2011a). Seventeen zoogeographical
elements have been distinguished among these
species (Table II). The vast majority comprises
widely distributed species—Geopolitical, Holarc-
tic, Palearctic (including West Palearctic and East
Palearctic) and Siberian-European—which jointly




15.7 % of the bee fauna of Poznań.
Comparison of the contribution of southern
species to the bees of Poznań (15.7 %) and that of
the WNP (9 %) showed statistically significant
differences (χ2=4.067; p=0.043). The similarity
coefficient between Poznań and WPN was 0.751.
The occurrence of southern species in the bee
communities of different Polish cities was also
compared. The percentage of southern species is
similar for all three surveyed cities (Poznań—
15.7 %, Bydgoszcz—12.8 %, Łódź—16.2 %).
However, there was no significant correlation
between the southern bee species composition in
those cities (Table III). Thus, each of the cities
in question supports specific southern fauna.
The similarity coefficient between Poznań and
Bydgoszcz was 0.763 and between Poznań and
Łódź was 0.753.
4. DISCUSSION
My previous studies (Banaszak-Cibicka 2009;
Banaszak-Cibicka and Banaszak 2011a;
Banaszak-Cibicka and Żmihorski 2012) as well
as those by other authors show that, contrary to
popular belief, cities are important habitats for a
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considerable number of bee species (Saure 1996;
Zapparoli 1997; Cane 2005). So far, 206 bee
species have been identified in Poznań (Banaszak-
Cibicka and Banaszak 2011a). This number
accounts for 43 % of the bee fauna of Poland
(Banaszak 2004b) and as much as 79 % of the
species recorded from the region—Wielkopolska-
Kujawy Lowland (Banaszak 1982).
One needs to bear in mind that the vast
majority of bee species live in environments
heavily influenced by humans, which are often
profoundly transformed. Urban development
results in a diminishment of natural and semi-
natural habitats. The quality of residual habitats
for bees is also expected to be adversely
affected by various forms of pollution. There-
fore, it is extremely important to learn about the
impact of anthropogenic environments on bee
assemblages.
On the other hand, the WNP is one of the
largest green areas located in the nearest vicinity
of Poznań. Currently, the area of the park and its
buffer zone is 14,840 ha. The WNP has been
found to support 225 bee species (Cierzniak
2003), i.e. 48 % of all Polish bees. Of the 206
species found within the Poznań city boundaries
to date, 162 have also been recorded in WNP, and
the similarity coefficient between Poznań and
WPN was 0.751. On the other hand, the park
supports an additional 63 bee species that have not
been found in the city (Banaszak-Cibicka and
Banaszak 2011b). The bee fauna of Poznań is
relatively rich compared to the natural bee faunas
of the region. Most of the abundant species in the
WNP are also among those most abundant in the
city. Even some species natural to forests are often
found in the city in parkland areas or forested
green spaces. Rarely, several forest-associated
Table I. Description of the rare southern bee species observed in Poznań




Its range extends to the Ukraine
(Podole), the Czech Republic,




Known to inhabit rare localities
in Sandomierz Basin and Lower
Silesia, Poland (Banaszak et al.
2001). Its localities in the lower






It can be found in Southern and
Central Europe, Northern Africa
and Asia (Dylewska 2000).
Very rare, classified as an
endangered species in Poland
(Banaszak 2004b). Observed in
different parts of Poland to date,
now in large quantities or even





Found in Southern and Central
Europe and in Turkey
(Osytschnjuk et al. 2005).
Has been observed in Silesia, Cracow




From Southern and Central Europe,
Northern Africa and Asia Minor
(Dylewska 2000).
In Poland, it has been observed
in the south part of the country
(Dylewska 2000)
– –
Osmia mustelina A Pontic-Mediterranean species.
Its range extends to the Central
Europe, South-Eastern Europe,
Caucasus, Iran, Sicily (Banaszak
et al. 2001).
In Poland, it occurs in few
localities in different parts
of the country (Banaszak
et al. 2001).
– +
Dashes (−) indicate absence of species; (+) indicate presence of species
WNPWielkopolska National Park (data from Cierzniak 2003),WKLWielkopolsko-Kujawska Lowland (data from Banaszak 1982)
Urban areas and thermophilic bee species 149
species dominant in WNP are seen in Poznań
(Banaszak-Cibicka and Banaszak 2011b).
The high diversity of bees in cities is related to
a large number of microenvironments within their
boundaries. They allow for the colonization by
species with different habitat requirements
(Savard et al. 2000). This spatial heterogeneity
can support even greater species richness than
Table II. Zoogeographical elements in the bee fauna of Poznań, Wielkopolsko-Kujawska Lowland (data from
Banaszak 1982) and the Wielkopolska National Park (data from Cierzniak 2003)
Elements Poznań Wielkopolsko-Kujawska Lowland WNP
n % n % n %
Geopolitical 1 0.5 1 0.4 1 0.4
Holarctic 10 5.0 3 1.1 14 6.2
Palearctic 50 24.6 37 14.3 56 24.8
West Palearctic 42 20.6 31 12 47 20.8
East Palearctic 3 1.3 0 0 1 0.4
Siberian-European 23 11.3 30 11.6 27 12
Caucasian-European 11 5.4 0 0 10 4.4
European 24 11.8 61 23.5 39 17.3
Northern-Central European 4 2.0 27 10.4 7 3.1
West European 1 0.5 0 0 1 0.4
Boreal-alpine 1 0.5 2 0.8 1 0.4
Central European 1 0.5 0 0 0 0
Submediterranean 13 6.4 26 10 4 1.7
Subpontic 3 1.4 15 5.8 5 2.2
Pontic-Mediterranean 9 4.4 17 6.6 8 3.5
Subpontic-Mediterranean 1 0.5 0 0 0 0
Subpontic-mediterranean 6 3.0 0 0 4 1.7
n number of species, % percentage contribution to the entire fauna
Table III. Results of Kendall Tau-b correlation analysis between the occurrence of particular southern species
in Poznań, Bydgoszcz (data from Banaszak 2008) and Łódź (data from Kowalczyk et al. 2008)
Correlations
Poznań Bydgoszcz Łódź
Kendall Tau-b Poznań Correlation coefficient 1.000 .049 −.025
Significance (bilateral) . .728 .857
n 52 52 52
Bydgoszcz Correlation coefficient .049 1.000 −.149
Significance (bilateral) .728 . .287
n 52 52 52
Łódź Correlation coefficient −.025 −.149 1.000
Significance (bilateral) .857 .287 .
n 52 52 52
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surrounding natural areas (Cierzniak 2003). Ur-
ban areas also include flower-rich green areas that
can provide forage for a high diversity of wild
bees (Frankie et al. 2005). Cities may also contain
appropriate sites for nesting (McFrederick and Le
Buhn 2006). Also, several abiotic factors differ
between urban and rural areas, temperature being
one of the most important. The specific
urban conditions may affect the colonization
of cities by species with southern ranges.
Warmer and drier urban climates provide
living conditions appropriate for xerophilic
and thermophilic bee species from Southern
Europe. In Central Europe, these species are
only found in isolated xerothermic localities
and, as this research shows, in urban areas.
Thus, cities enable certain southern species
of bees to extend their ranges northwards.
The study shows that, for certain southern
species that are rare in Poland, urban areas
present favorable conditions for development.
This may be due to many factors, e.g., the
availability of nesting sites or appropriate floral
resources and, what is the most probable,
specific climate conditions. The rare species
observed in Poznań, including Megachile
pilidens, Andrena florea, Andrena mitis,
Andrena congruens and Osmia mustelina, have
not been observed in the nearby WNP so far.
All of them, except for Andrena congruens,
were found in thermophilic, xerothermic grass-
lands in the lower Vistula valley in the
Wielkopolsko-Kujawska Lowland (Banaszak et
al. 2006). In recent years, these rare species
have also been observed in Bydgoszcz and
Łódź (Banaszak 2008; Kowalczyk et al. 2008).
Their presence in the city may be related to
suitable thermal conditions. This result shows
that some species can find more suitable living
conditions in cities than in protected areas.
These findings agree with the results of other
European studies of urban derelict sites which
show that cities not only provide habitats for
eurytopic (widely distributed) species in the
surrounding urban landscape but they are also
important for conserving locally rare species
(Kegel 1990), and in some cases, national
rarities and stenotopic (able to adapt only to a
narrow range of environmental conditions)
species, which are colonists from semi-natural
habitats such as open and dry grasslands
(Eversham et al. 1996). It has been estimated
that over 50 % of British rare aculeate Hyme-
noptera and over 35 % of British rare and scarce
carabid species have been recorded from an-
thropogenic habitats (Eversham et al. 1996;
Gibson 1998; Kadas 2006).
The urban environment presents higher tem-
peratures compared to suburban areas. Thus, it
seems to be a favorable habitat for southern
fauna. Seventeen zoogeographical elements
were represented among bee species in Poznań.
Most of the bees are widely distributed species and
comprise nearly 64 % of all species found. The
situation is similar in the WNP, where those species




jointly comprise 15.7 % of the bee fauna of Poznań.
This is a large number compared to theWNP, where
southern species comprise only 9 % of the bee
community. The low number of southern species in
the WNP is related to the scarcity of xerothermic
environments in its area. Moreover, these environ-
ments are continuously becoming overgrown with
shrubs and trees (Banaszak et al. 2003). On the other
hand, southern species of bees found in the entire
Wielkopolsko-Kujawska Lowland comprise 22.4%
of the fauna due to the ability to thrive in the many
available xerothermic environments. Xerothermic
grasslands in the lower Vistula valley— being
miniatures of Ukrainian steppes in floristic terms—
are refuges for many southern bee species. The
insects could have moved to this area from the east
along the Vistula, from the west along the Torun-
Eberswalde Proglacial Valley, or from the south
across the Moravian Gate (Banaszak et al. 2006).
Apart from the large number of xerothermic
environments, the vast area of the Wielkopolsko-
Kujawska Lowland also contributes to the wide
diversity of species, including the southern ones
(Banaszak 1982). However, it needs to be empha-
sized that despite its considerably smaller area
compared to the Wielkopolsko-Kujawska Lowland
and factors that can negatively affect the occurrence
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of bees (e.g., moving, soil turning, development),
Poznań harbors a relatively high number of southern
species. Many authors write about urban areas being
attractive for thermophilic and xerothermic species
but, at the same time, only a few studies have
addressed the influence of urban areas on insects.
Kollár and Hrubík (2009), investigating mining
insects inWest Slovak area, recorded a high increase
of a non-indigenous thermophilic species number
from the Mediterranean in urban areas, while others
claimed that no southern species of pollinating
insects (Eremeeva and Sushchev 2005) and ants
(Vepsäläinen et al. 2008) during studies were
recorded.
Apart from Poznań, Bydgoszcz (Banaszak
2008) and Łódź (Kowalczyk et al. 2008) are
currently the cities with the best known bee fauna
in Poland. The three cities support similar numbers
of bee species: Poznań—206, Bydgoszcz—195,
and Łódź—203 (Banaszak-Cibicka and Banaszak
2011a). The similarity coefficient between Poznań
and Bydgoszcz was 0.763 and between Poznań
and Łódź was 0.753.
The contribution of southern species to the bee
assemblages in the analyzed cities is similar
(Poznań—15.7 %, Bydgoszcz—12.8 %, Łódź—
16.2 %). Therefore, this research indicates some
general pattern of the influence of urban areas
on bees. However, studies show a faunal
distinctness between the cities in question. The
cities differ with regard to the composition of
southern species that can be found within their
boundaries (Table II). This uniqueness stems
probably from the geographical location of the
cities.
Thus, the study underlines the impact of
urban climate on a specific bee community. It
shows that, by providing bees with proper
conditions for development, the urban environ-
ment enables certain southern species to move
northwards. At the same time, the study
indicates the relevance of urban areas to
biological diversity preservation as they may
serve as a habitat not only for widely distributed
species but also for rare species with specific
requirements. It shows that, for some species,
cities can be even a better place for living than
protected areas.
Since urbanization is an ever on-going
process and questions related to the impact of
urban climate on bee assemblages are still
widely unexplored, further detailed research is
required to investigate the influence of urban
areas on these exceptionally beneficial insects.
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Les zones urbaines peuvent-elles convenir aux
espèces d’abeilles thermophiles et xérothermiques
(Hymenoptera: Apoidea: Apiformes)?
Apoidea / abeilles / urbanisation / îlot de chaleur
urbain / Pologne
Sind urbane Gebiete für thermophile und xerotherme
Bienenarten (Hymenoptera: Apoidea: Apiformes)
geeignet?
Apoidea / Bienen / Urbanisierung / städtische
Wärmeinsel / Poznań
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